ABSTRACT. Localization of acid phosphatase (ACPase) in rat liver was investigated by immunocytochemical techniques. Rat liver was fixed by perfusion and cut into thick tissue slices, which were embedded in Epon or Lowicryl K4M. For light microscopy (LM), semithin Epon sections were stained for the enzyme ACPase by an indirect immunoenzyme technique. For electron microscopy (EM), ultra-thin Lowicryl K4M sections were stained by a protein A-gold technique. By means of LM, granular reaction deposits were observed in hepatocytes and sinus-lining cells. Stained granules were present in the juxtanuclear cytoplasm, but they did not correspond to a typical staining pattern for the Golgi complex. EM revealed that gold particles indicating ACPase antigens were present on lysosomes and on some vesicles locating in the trans Golgi region. Endosomelike vesicles were strongly positive for the labeling. Golgi cisterna were mostly negative, but weak signals were noted in dilated saccules. The plasma membranes on the sinusoidal and bile canalicular sides were labeled by a few gold particles. The results indicate that ACP ase is present in endosomes and in a restricted area of plasma membrane, as well as in the lysosomal system.
Since a histochemical method for acid phosphatase (EC 3.1.3.2; ACPase) was first developed by Gomori (8) , several additional methods have been described (3, 9, 12, 22) . After the pioneering work of Sheldon and coworkers (24), the "lead capture" method of Gomori (10) was adapted to electron microscopy, and the ultrastructural localization of ACPase in various tissues and cells under normal and pathological conditions has been since described by many investigators (2, 4, 7, 13, 18) . ACPase seems to be one of the most extensively studied enzymes that are cytochemically demonstrable.
The intracellular sites for ACPase activity that have been found are the lysosomal system, including the primary and secondary lysosomes (1, 6) , the multivesicular bodies (5) , and the transmost Golgi cisterna (16, 17) . Recently, Robinson and Karnovsky (20), using cerium ions to capture inorganic phosphate, demonstrated that ACPase is present in the lumen of the endoplasmic reticulum of developing neutrophils, but not in rat and guinea pig liver. Immunocytochemical localization of lysosomal ACPase in normal and "I-cell" fibroblasts has been studied by Parenti et al. (19) , who found ACPase at the plasma membrane and in vesicles just below the plasma membrane in addition to the cytochemical distribution mentioned above. It is not yet clear how ACPase is immunocytochemically localized in rat liver. In the present study, we describe the light and electron microscopic localization of ACPase in rat liver using immunoenzyme and protein A-gold techniques. HRP-labeled second antibody, and the latter were treated with rabbit anti-goat IgG followed by the protein A-gold probe. Some sections were treated directly with the HRP-labeled secondary antibody (semithin sections), or with the secondary antibody and the protein A-gold probe without the preceding step employing anti-ACPase.
MATERIALS AND METHODS

Purification
RESULTS
Specificity of antibody. An Ouchterlony double immunodiffusion test showed a single precipitin line between the anti-ACPase antibody and rat liver lysosomal contents or between the antibody and purified ACPase. The precipitin lines fused together. (Fig. 1) . The results indicated monospecificity of the antibody. The antibody used in this study was purified by affinity chromatography using Sepharose 4B coupled with purified ACPase.
Immunocytochemical localization of ACPase. Light microscopy: A reaction product indicating antigenic sites for ACPase was observed in the cytoplasmic granules of hepatocytes and sinus-lining cells, such as Kupffer cells and endothelial cells (Fig. 2) . The staining intensity of the sinus-lining cells was lower than that of the hepatocytes. Positive granules of the hepatocytes were present mainly in the juxtanuclear region and around the bile canaliculi, but they did not exhibit the typical pattern for the Golgi apparatus. At higher magnification, no staining pattern corresponding to Golgi lamellae was observed (not shown in figures). However, the position of the clustering positive granules in the hepatocytes corresponded to that of the Golgi apparatus. In immunocytochemical control sections incubated with IgG fraction from a nonimmunized rabbit, no reaction deposits were noted in the cells described above (Fig. 3) .
Electron microscopy: Gold particles indicating the antigenic sites of ACPase were present in lysosomes of all liver-composing cells, such as hepatocytes, Kupffer cells, and endothelial cells. Since a typical staining was observed in the hepatocyte, we shall concentrate on this cell.
Signals for ACPase were found to be present in the lysosomal system, including the typical secondary lysosomes (Fig. 4) , autolysosomes, vesicles on the trans side of the Golgi apparatus (Figs. 5 and 6), and multivesicular bodies (Fig. 7) . Gold particles were confined to endosomelike vesicles which located in the pericanalicular region (Figs. 5 and 6) and just below the sinusoidal plasma membrane (Fig. 9) . A few gold particles were present on the bile canalicular (Fig. 8) and sinusoidal plasma membrane (Figs. 9 and 10 ), but not on lateral membrane. Golgi lamellae were mostly negative, but marginal dilatations of some lamellae were labeled (Figs. 4, 5 and  6 ). The tubulovesicular network on the trans side of the Golgi apparatus was faintly stained (Figs. 5 and 6 ). In multivesicular bodies, gold particles were present on the membranes of small vesicles (Fig. 7) . The endoplasmic reticulum, including the nuclear envelope were not labeled.
In endothelial cells of the sinusoid, the labeling intensity was generally lower than that of the hepatocytes and Kupffer cells. Signals for ACPase were observed in the limiting membrane of lysosomes and in some small vesicles (Figs. 9 and 10 ). Other cell organelles were negative for labeling. In Kupffer cells, heavy labeling was present in lysosomes and small dense vesicles, some of which were fusing with lysosomes (Fig. 11) . Within large lysosomes (or phagosomes), gold particles were confined to small vesicles. As a consequence, the patchy staining of the lysosomes was exhibited.
In immunocytochemical control sections incubated with IgG fraction from a nonimmunized goat and treated with protein A-gold, no specific gold label was observed on the cell organelles of the hepatocytes (Fig. 12) and the other cells (not shown).
DISCUSSION
The present immunocytochemical study using an indirect immunoenzyme technique showed that ACPase is contained in all the cells comprising of the rat liver. Immunoelectron microscopy using protein A-gold techniques showed that the intracellular sites for ACPase are the lysosomal system, including typical secondary lysosomes, the autolysosomes, multivesicular bodies, trans-Golgi vesicles, and endosomelike vesicles. The immunocytochemical control confirmed that the staining in these subcellular components was caused by a specific reaction.
The results are largely consistent with data obtained from enzyme cytochemical studies (4, 13, 17 ,20, 23) . However, in the present study, we found no strong staining in the transmost cisternae of the Golgi apparatus and the tubulovesicular network in the trans Golgi region, which have been stained positively by the enzyme cytochemical method (17). Previously, we showed that lysosomal proteinases, such as cathepsins B and H and cathepsin D, are rarely immunostained in the Golgi cisterna of rat liver cells (29, 31). Similar results were reported by van Dongen and colaborators (28). An immunocytochemical study on ACPase of the human fibroblast has been conducted by Parenti and coworkers (19), who provided no information on the localization of this enzyme in the Golgi apparatus. It is unclear why the transmost cisterna and the tubulovesicular network in the trans Golgi region are not heavily stained by the immunocytochemical methods. In principle, it should be possible for precursor forms of the antigen having no enzymatic activity to be stained by the immunocytochemical method. This means that cellular components, which can be positively immunostained, might be much more numerous than those stained by the enzyme cytochemical method. However, this was not the case in the present study. It is likely that the antigenicity of ACPase was partially lost during tissue preparation in this study. A more sensitive method should be examined.
In the present study, weak staining was noted on the plasma membrane of the sinusoidal and bile canalicular surface. Positive immunostaining of the plasma membrane for ACPase was also observed in human fibroblasts (19). In addition, we found ACPase in endosomelike vesicles, which are present in the cytoplasm around the bile canaliculus and just below the plasma membrane of the sinusoidal surface. A positive reaction for ACPase in the endosomelike vesicles has not been clearly shown by the enzyme cytochemistry (4, 13, 20) . The present study showed that ACPase is associated with the plasma membrane and with the lysosomal membrane, as reported by Parenti and coworkers (19). We have also found that the major lysosomal membrane sialoglycoprotein is present in the sinusoidal and bile canalicular membranes (32). The cycling of the integral membrane glycoprotein between the plasma membrane and lysosomes has been shown in chick fibroblasts (14) . Our present results suggest that some lysosomal membrane proteins, including ACPase, cycle between the plasma membrane and lysosomal membrane. However, because the lateral membrane is negative for ACPase, there seems a porality in this cycling in the liver cells. Since the present study has shown that endosomes contain ACPase, it seems to be likely that the endosomes are related to the cycling of membrane components.
